2 S1. Deriving the reactive uptake coefficient from aqueous reaction rate constant 8 The reaction rate constant in the literature was used to derive the reactive uptake coefficient to particles under the 9 same conditions as in this study using the method in Davidovits et al. (2006) . 10 = + + (S1) 11 where Γ diff is the transport coefficient in the gas phase, 1/Γ diff is the resistance due to the diffusion in the gas phase.
12
Similarly, 1/Γ sat and 1/Γ rxn are the resistance due to liquid phase saturation and liquid phase reaction, respectively. 13 α is the mass accommodation coefficient of SO 2 . 14 1/Γ diff can be derived using the following equation:
where Kn is the Knudsen number. Knudsen number is defined as
where λ is the mean free path of molecule in the gas phase and a is the radius of the particle. The characteristic time to achieve the equilibrium in the gas-particle interface and for aqueous reaction 38 of SO 2 with NO 2 were derived using the method in Seinfeld and Pandis (2006) . 39 τ ≅ * √ (S10) 40 τ = (S11) 41 a is the radius of the particle, H * is the effective Henry constant, M is the molecular weight, R is the gas constant, 42 T is temperature, α is the mass accommodation coefficient of SO 2 . k rxn is the first-order rate constant of the 43 reaction in the liquid phase (see Equation S8 ). The values of the constants are shown in Table S1 .
44
The characteristic time to achieve the equilibrium in the gas-particle interface is around 4×10 -5 s. The 
